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Introduction
The present study has been undertaken with the primary objective of analyzing the sources of output growth in the Indian sugar industry at both national and regional (i.e., state) levels. The relevance of the study stems from the fact that the development of the sugar industry in India provides high backward and forward linkages to the Indian economy given the following about the sugar industry: i) it is the second largest agriculture-based industry in India after the cotton-textile industry; ii) it provides direct employment to 0.5 million and indirect employment to 55 million skilled and unskilled workers (Sanyal, Bhagria, & Ray, 2008) ; iii) it contributes Rs. 25 billion annually to the centre and state exchequer in the form of taxes; iv) it has the potential to generate 5000MW surplus power through the process of cogeneration; and v) it supports the petroleum blending program through the production of ethanol using molasses, a byproduct of sugar. Despite these facts, the sugar industry in India has been weakened by ineffective policy planning. More than 162 sugar mills in India are considered 'sick, ' (Thomas, 2010) . The number of sick mills is high by all standards, underscoring the abysmal health of the Indian sugar industry. Given the industry's appalling health, there is an urgent need to analyze the growth performance of the industry (see Pandey (2007) and Kumar and Arora (2010) for the detailed state of the Indian sugar industry).
Does Factor Accumulation or Productivity Change Drive Output Growth in the Indian Sugar Industry? An Inter-state Analysis
In his seminal work, Solow (1957) developed a growth accounting framework indicating that the observed output growth can be decomposed into its two mutually exclusive components, the 'perspiration' component corresponding to factor accumulation and the 'inspiration' component corresponding to total factor productivity (TFP) growth. Nonetheless, there is a broad consensus among economists, pundits, and policymakers that only the dominance of the inspiration component (i.e., the presence of positive trends in TFP growth) can lead to sustained output growth because it ensures efficient utilization of key resources.
Further, the output growth generated only by increasing inputs will not be sustainable in the long run because the expansion of inputs would experience diminishing returns to scale.
It is significant to note that TFP growth includes technological improvements as well as better utilization of capacities, learning by doing and improved skills of labor. More specifically, TFP growth is a composite measure of technological change and changes in the efficiency with which known technology is applied to production processes (Ahluwalia, 1991) . Thus, TFP growth is regarded as the consequence of two rather different factors. The adoption of technical innovations in processes and products, shifting the production frontier upward, is measured by the technical change, while the technical efficiency change reflects the capacity of the firms to improve production with given inputs and available technology.
In India, considerable research has been conducted on the TFP growth of the Indian manufacturing sector. Existing research contains studies in three distinct categories. The first category includes studies that concentrate on measuring TFP growth at highly aggregated levels see, for example (Goldar & Kumari, 2003; Neogi & Ghosh, 1998; Pradhan & Barik, 1999; Singh, 2000-01) . The focus of the second category is on the analysis of TFP growth in a single manufacturing industry see, for example (Beri, 1962; Dawar, 1990; Gupta & Patel, 1976; Mehta, 1974; Sastry, 1966; Sharma & Upadhayay, 2003-04; Singh & Singh, 1984; Singh & Agarwal, 2006) . There are relatively few studies in the third category, which analyzes the interstate variations in TFP growth for a single industry or group. See, for example (Chattopadhyay, 2004; Kumar, 2003; Kumar & Arora, 2009; Mitra, 1999; Ray, 1997; Ray, 2002; Singh, 1964) . Barring a few exceptions, most of the studies on the TFP growth of the Indian manufacturing sector have concentrated on the analysis of trends in technical progress or technical change, with the implicit assumption that productive capacity is fully realized and there is no technical inefficiency in the production process. Therefore, the TFP has been equated with technical progress. However, identifying TFP growth solely in regard to technical progress and ignoring technical efficiency change leads to incorrect inference. In addition, scant attention has been paid in existing studies to breaking down output growth into input growth and TFP growth. Thus, the present study endeavors to mitigate the prevailing void among Indian manufacturing studies and particularly intends to examine the sources of output growth in the Indian sugar industry at both national and regional levels.
To check whether output growth in the Indian sugar industry at regional levels is driven by inspiration or perspiration components (i.e., technology-driven or input-driven), the output growth has been decomposed into input growth and TFP growth. The TFP growth has been further classified into the following components: a) technological change and b) technical efficiency change. To pursue these objectives, the study is outlined as follows: Section 2 offers the methodology applied to obtain and bootstrap the data envelopment analysis (DEA) based on the Malmquist productivity index. Section 3 is empirical in nature and endeavors to decompose output growth in the Indian sugar industry into inspiration and perspiration components.
The final section concludes the study and provides relevant policy implications.
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Step 1: Construction of Input and Output Variables
The foremost requirement for computing technical efficiency levels in the sugar industry of 12 major sugarproducing states is to specify a set of input and output variables. Our set of variables includes single-output and three-input variables. A detailed description of these variables is given in Table 1 .
Notably, the gross fixed capital (GFC) has been adjusted according to the capacity utilization levels to reflect the fact that what belongs in a production function is 'capital in use' and not 'capital in place' (Solow, 1957) . Thus, the 'gross fixed capital (GFC) in use' is a more appropriate proxy for capital input. Further, except for the labor input (which is measured by the number of workers), all other inputs as well as the output data are reported in the value terms. All nominal values are deflated by appropriate wholesale price indices to obtain real values. Gross output has been deflated by the price index for sugar and sugar products; investment has been deflated using the implicit deflator for gross fixed capital formation for registered manufacturing; expenditure on fuels has been deflated using the price index for fuel power and lubricants; and material expenditures have been deflated using the general wholesale price index for all commodities.
Moreover, with an objective to minimize the presence of heterogeneity in the data set, we followed Kumar (2001), Kumar (2003) , and Kumar (2006) , Ray (1997) , Ray (2002) , and constructed the state level input-output quantity data for a 'representative firm' in the industry. For this, the state-level aggregate figures have been divided by the number of firms operating in the state.
The advantage of using data for a 'representative firm' is that it imposes fewer restrictions on the production technology. The firm level input-output pairs are feasible, although not individually reported. Therefore, by the assumption of convexity, the average input-output bundle will always be feasible. The aggregate inputoutput bundle will be feasible only under the condition of non-additivity of technology (Ray, 2002) . In addition, this reduces the effects of random noise due to measurement errors in inputs and output(s).
Step 2: Measuring Total Factor Productivity Growth This research outlines two basic approaches for measuring TFP growth: i) the econometric estimation of a production, or cost, or some other function and ii) the construction of index numbers using non-parametric methods. In this study, we adopted the latter because it does not require the imposition of a possibly unwarranted functional form on the structure of the it does not require a pre-specified optimizing criterion such as cost minimization or profit maximization. The main disadvantage of the MPI is the lack of a stochastic specification, thus making it insensitive to any random shocks or data measurement errors.
The MPI, as proposed by Caves, Christensen and Diewert (1982) is defined using distance functions that 
Where the technology is assumed to have the standard properties, such as convexity and strong disposability, described in Färe et al. (1994) .
A multiple-input, multiple-output production technology can be represented by the production possibility set which is defined in terms of
A functional representation of the technology is provided by Shephard's (1979) output-oriented distance function:
The distance function is less than or equal to one if and only if the output y belongs to the output set. The 
Similarly, the MPI using period t+1 technology may be defined as:
To avoid choosing the MPI of an arbitrary period, Färe et al. (1994) specified the Malmquist productivity change index as the geometric mean of equations (4) and (5): Färe et al. (1994) further state that the MPI formula in equation (6) can be equivalently rewritten as:
The first ratio on the right-hand side of equation (7) measures the changes in technical efficiency between period t and t+1 as catching up to the frontier effect.
The second term measures the change in production technology (i.e., technical change) usually referred to as a shift in production frontier. 
To calculate the MPI for the sugar-producing state k ′ between t and t+1 for a constant returnsto-scale (CRS) technology, the four different distance functions that make up the index, that is,
, are to be calculated using a linear programming approach. For calculating outputoriented distance functions for the manufacturing sector of state k ′ , the four different linear programming problems can be stated as:
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(i,j)=(1,1) for solving for
(i,j)=(0,1) for solving for
and (i,j)=(1,0) for solving for
Step 3: Bootstrapping Malmquist Productivity Index
The data envelopment analysis (DEA) estimators include the random error in efficiency measures.
Avkiran (2006) The basic idea of the bootstrap method proposed by Efron (1982) (Simar & Wilson, 2000) .
Empirical Results
This section reports the empirical results pertaining to sources of output growth and TFP growth in the Indian sugar industry. As noted above, the output growth can be broken down into two mutually exclusive components: i) input growth and ii) TFP growth. However, in practice, the input growth has been worked out as a residual obtained after deducting the TFP growth from output growth. We proceed with inter-temporal and inter-state variations in the output growth in the Indian sugar industry. In this context, Table 2 The exploration of these sources entails the decomposition of output growth into two mutually exclusive components, namely, i) the inspiration component (i.e., TFP growth) and ii) the perspiration component (i.e., input growth). Both components have their own importance in augmenting output growth in the Indian sugar industry, and failing on any front might restrict the sugar-producing states from achieving the maximum potential growth in output.
Decomposition of Output Growth in the Inspiration Component
As mentioned earlier, the observed output growth can be decomposed into two mutually exclusive and nonadditive components, the 'perspiration' component, corresponding to factor accumulation, and the 'inspiration' component, corresponding to TFP growth. Table 3 provides the inter-temporal and inter-state variations in the TFP growth obtained using the Malmquist productivity index (MPI). Using the MPI, TFP growth has been observed using the relationship ( )
The analysis of Table 2 
Technical Progress in Indian Sugar Industry
As noted above, another component of the Malmquist TFP index is technological change (TECH). TECH is used as a proxy for innovation in the production process. Table 5 provides the inter-temporal and inter-state variations in technical change in the Indian sugar industry. We note that there exists a technological regress in the Indian sugar industry during the entire study period, and the rate of this regress is (-)0.42 percent per annum. Given this regress, we can say that TFP growth in the Indian sugar industry is entirely composed of technical efficiency changes, and more specifically, by pure technical efficiency changes. The behavior of technological change between distinct subperiods depicts a significant reverse trend as supported by the fact that technical progress occurred at a significant rate of 5.88 percent per annum in the post-reform period in contrast to a technical regress at the rate of (-)5.62 percent per annum in the pre-reform period.
However, the impact of technological regress in the pre-reform period outweighs that of technical progress in the post-reform period; this resulted in a significant regress for the entire study period (see Table 4 ). Simply, the observed technical regress in the Indian sugar industry occurred as a result of the enormous technical regress during the pre-reform period. Notably, the negative technical progress during the pre-reform period might be the consequence of the stiff regulatory environment imposed upon the industry during this period. Under adverse environmental conditions, firms face trouble in adopting new technology. This situation is worse for the efficient firms because they Notes: i) # represent the geometric mean of 12 sugar-producing states; and ii) * represents that the value is significant at a 5 percent level of significance.
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Issue 2 85-98 2013 might face problems in using the same input-output mix to which they were previously accustomed and, thus, cannot produce with the optimum input-output mix and resource utilization. The observed level of best-practice technology also might deteriorate, as reflected by a downward shift in the industry's production frontier. This technical regress is a different phenomenon than a decrease in efficiency because it also affects the most efficient firms. Indeed, the measured efficiency level of the inefficient firms might improve during the period of adversity as a result of the 'regress' of the most efficient firms; for example, the frontier might move closer to the inefficient firms rather than the inefficient firms moving closer to the frontier (Farrantino and Ferrier, 1996) . 
Decomposition of Output Growth in the Perspiration Component
The second component of output growth, as explained by Solow (1957) , is the perspiration component, which represents the factor accumulation or input growth over the given period of time. With the assumption of no input change (i.e., with same bundle of inputs dur- Notes: i) # represent the geometric mean of 12 sugar-producing states; and ii) * represents that the value is significant at a 5 percent level of significance.
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In the states of Bihar, Madhya Pradesh, Maharashtra, and Uttar Pradesh, the contribution of input growth was negative even during the pre-reform period and remained negative during the post-reform period.
However, in the remaining states, input contributions became negative during the post-reform period, in contrast to a positive contribution in the pre-reform period. Thus, the negative growth of inputs is a countrywide phenomenon and not limited to a particular state. This evidence supports the conclusions drawn from the earlier chapter, noting that the sugar-producing states underutilize the available capacity because of a slackening in inputs. Therefore, substantial growth in inputs is required to achieve sustained growth in the Indian sugar industry and any policy seeking to boost the growth of inputs in the sugar industry must aim to augment the growth of sugarcane at farm level.
Conclusions and Relevant Policy Implications
The decomposition of output growth in the Indian sugar industry reveals that the inspiration component of output growth (i.e., TFP growth) has a significant contribution; TFP has been growing at an average rate of 2.43 percent per annum. However, negative growth in the perspiration component at a rate of -0.592 percent per annum has restricted the Indian sugar industry from achieving potential output growth rates. Further, inter-state analysis reveals that the output growth in the sugar industry of Orissa is growing, with the highest average annual growth rate of 3.634 percent.
Moreover, barring the state of Rajasthan, the remaining 11 states were found to be growing with positive and statistically significant rates of sugar output. Analysis of the impact of economic reforms on the sugar industry's growth reveals that all 12 sugar-producing states except Bihar recorded lesser output growth rates during the post-reform period relative to the pre-reform period. Except for the states of Andhra Pradesh, Bihar, Gujarat, and Uttar Pradesh, a declining trend in output was observed during the post-reform period, in contrast to a rising trend in the pre-reform period. The growth accounting framework shows that TFP growth is the dominating source of output growth, which is primarily attributable to overall efficiency change during the entire and pre-reform study periods. However, the second component of productivity growth (i.e., technical progress) is a relatively scant source of TFP and output growth during these two periods. Moreover, a decline in the growth rate of technical efficiency was observed to be the major cause of sluggishness in TFP growth during the post-reform period. The deceleration in technical efficiency is the consequence of an acceleration in the rate of technical progress despite the economic liberalization and reform process initiated by the Indian government. The fragile catchingup of the sugar-producing states to the newly shifted best-practice frontiers seems to be adversely affecting the rate of growth of technical efficiency.
However, the perspiration component of output growth (i.e., inputs growth) recorded a negative value, indicating its negative contribution to output growth.
Further, during the pre-reform period, the growth of inputs was positive and contributed 1.411 percentage points of 2.773 percent of output growth. However, during the post-reform period, a deceleration in input growth was observed, and the contribution of input growth was negative. Despite this negative contribution of input growth, the output growth could increase by 0.703 percent per annum because of a significant TFP growth of 3.66 percent during the post-reform period. The policy implication of this fact is that the negative growth of input restricts the sugar industry of India from exploiting the gains of total factor productivity growth to achieve the sustained output growth.
An inter-state analysis also reveals a negative contribution of inputs during the post-reform period in comparison with the pre-reform period. In Bihar, Madhya Pradesh, Maharashtra and Uttar Pradesh, the contribution of input growth is found to be negative throughout the study period. However, in the remaining states, the input contribution became negative during the post-reform period, in contrast to a positive contribution during the pre-reform period. Thus, the negative growth of inputs restricts the sugar industry of Indian states from achieving maximum potential growth rates of output. The evidence thus supports the findings of Kumar and Arora (2010) that reflect the underutilization of capacity due to input slackening.
Therefore, a substantial growth of inputs, especially of sugarcane, is required to achieve sustained growth in the Indian sugar industry. Efforts must be undertaken to improve per hectare productivity and quality in terms of sucrose contents of sugarcane. Any policy in this regard must be welcomed for augmenting the input growth in the industry. The dominance of a number of cooperative joint-sector sugar firms and public-sector sugar firms reflects the rigorous interference of public sectors in the sugar production process. This interference is subject to bureaucratic control and always restricts managers from optimizing the time constraints and choosing the optimum product mix. Thus, a delay in decision making forces management to make selections that seldom ensure technically efficient allocation of resources.
Thus, the deregulation policy, coupled with effective catching-up and better inputs growth, may produce sizeable growth in the sugar industry in general and in sugar-producing states in particular.
